Guest Editorial: Intelligent Techniques in High Speed Networks W E ARE pleased to bring to you this timely issue on the applications of intelligent techniques in high speed networks. Three years ago, the February 1997 issue was dedicated to the same topic. Then, the area of applying intelligent tools to high speed networks was relatively in its infancy. The objective of that issue was to convey to the reader the capabilities of intelligent techniques in solving many complicated problems that were challenging using conventional algorithmic methods. Tools such as neural networks, fuzzy logic, expert systems, and genetic algorithms, among others, were shown in many cases to outperform algorithmic methods. In some other cases, they were even the only "noncomplicated" feasible solutions. The dominant theme, then, was to tackle many of the ATM problematic traffic management issues such as admission control, policing, traffic shaping, and congestion control, among others. Many of the proposed solutions to these problems were simple and very successful in demonstrating their effectiveness either as "stand-alone" or in augmentation with conventional approaches. For example, multimedia traffic prediction for the purpose of traffic shaping or reserving resources, was shown to be much simpler and indeed more accurate using neural networks than traditional linear predictors. Similarly, extracting features and rules from incomplete data sets to compute bandwidth, or anticipate congestion episodes in switches, was simple and effective using neurofuzzy approaches. The uncertainties in estimating statistical parameters were also overcome through the use of several neural and fuzzy solutions. The advantages of intelligent techniques are numerous, most notably are learning from experience, scalability, adaptability, and the ability to extract rules without the need for detailed or precise mathematical modeling. In general, the advantages of pursuing this line of research have been proven worthy.
Today, however, things have dramatically changed on the intelligent techniques front, as well as the networking front. First, intelligent tools do not need any further validation. They are not in their infancy any more. They are now relatively mature and are enjoying increasingly wider acceptance as many scientists and engineers are continuing to use them to tackle many of the emerging high speed networking problems. This is evident by the increasing number of publications, special issues in journals, technical sessions, and even some new products that all validate their effectiveness and usefulness. On the networking front, recent technological developments could not have been more exciting. Today, the dominant theme is integration. The integration of data, voice, and video traffic, the coexistence of ATM and IP, the seamless interoperability of wireless and wired services, and the interconnectivity of traditional circuit switching and packet Publisher Item Identifier S 0733-8716(00)00512-6. switching, are all examples of the undergoing efforts that are aimed at bringing broad-band services to the home.
Nowadays, the IP routers, gateways, and switches in many enterprise networks are being upgraded in order to carry voice traffic alongside data. Migration of long distance telephony from traditional circuit switching networks to an integrated voice and data platform based upon "ATM and IP" based core networks is also a major ongoing effort. Many major carriers are deploying ATM switches in their core IP-based backbones to provide integrated telephony and data services. These are just some initial steps towards the goal of the deployment of intelligent broad-band networks. Voice/IP is now viewed as a killer application in the IP world. Only few years ago it was an "on-hold" technology. Clearly, all network providers and equipment manufacturers are getting serious about launching broad-band services to the home. In order to meet the demands of these new applications, manufacturers are building gigabit IP routers with interfaces at OC-48, OC-192, and faster. Dense wave division multiplexing (DWDM) systems with 160 wavelengths (1.6 Terabit/s) on a single fiber strand are currently being developed.
It is not surprising then, that most industry analysts forecast that by 2004, voice telephone traffic will only count for less than 10% of the total pubic network traffic. The rest, more than 90%, will be Internet and other data. In 1998, this picture was totally different. Voice telephone generated more than 60% of the total traffic. Another case in point is that the total capacity worldwide for IP connections is estimated to be in excess of 100 Terabit/s by 2004. In 1998, the estimated capacity was less than 2.5 Terabit/s. Indeed, we are witnessing the makings of a new telecommunications infrastructure that is radically different from the dominating days of circuit switching telephony. Almost all major carriers and Internet service providers have either installed or are in the process of installing new ATM or IP based core backbone architectures capable of not only integrating different types of traffic, but more importantly, delivering multiple types of classes and quality-of-service (CoS/QoS) levels. Many of these networks are based upon an IP/ATM architecture, in which ATM switches make up the core backbone network. The IP routers, at the edges of the core, are then interconnected using the ATM switches. Others have adopted to run an IP over SONET, or DWDM directly, bypassing the ATM layer altogether. Each approach has its proponents. The IP/ATM emphasizes "QoS-enabled" broad-band applications that can utilize the traffic engineering, QoS, multicasting, and service level agreement (SLA) capabilities of ATM. The main disadvantage is the ATM cell overhead tax that IP-centric applications have to pay, in addition to scalability problems as the networks increase in size. Proponents of the "pure" IP solution argue that ATM traffic engineering is too expensive and complicated; with DWDM, bandwidth will be almost free allowing for capacity 0733-8716/00$10.00 © 2000 IEEE overprovisioning. All that is needed then, is an "improved" version of IP that can offer some of the ATM advantages, such as traffic engineering, security provisions, and virtual private networks (VPN's). This "improved" IP has turned out to be a whole new set of protocols that combines the advantages of ATM layer 2 switching together with IP layer 3 routing. Multiprotocol label switching (MPLS) is one example of this new set of protocols. The MPLS promise is to enable the integration of IP and ATM, simultaneously in the same network. Furthermore, it is considered to be the vehicle that can allow for a smooth evolution from "ATM and IP" core to future pure "IP over SONET/SDH" or DWDM. However, MPLS is still in its infancy. There is plenty of work currently in progress on issues such as interoperability, QoS-routing, and multicasting, as well as traffic engineering.
High speed access using cable modems (speeds up to 10 Mbit/s), digital subscriber loop (DSL) (speeds up to 1.544 Mbit/s), or wireless interfaces (speeds up to 25 Mbit/s) are essential to enable broad-band services to the home. Although the penetration of high speed data over television cable has been slow (in the U.S., less than 2.5% of some 20 million cable subscribers have high speed data modems), this figure is expected to grow to 50% by 2003. In fact, it is predicted that by this time, the Internet will become the dominant network in the U.S., outgrowing all other voice and data networks by a ratio of 30 : 1.
This opens up new technical challenges for engineers and researchers. Issues such as interoperability of different protocols and platforms, capacity planning for sizing cables and trunks to support the unpredictable demands of multimedia based traffic, intelligent capabilities that extend over heterogeneous networks, ensuring QoS for different applications across different networks. Adaptive applications that can respond to the fluctuating loads such that prolonged congestion episodes could be avoided. All are just some examples of the type of problems where the adaptive and learning capabilities of the intelligent techniques can be effective, help optimizing usage of networks resources, thus cutting down costs of services.
Under admission control, we have five papers. First, Ren and Ramamurthy present a real-time admission control algorithm based upon traffic measurements and fuzzy logic. They combine conventional traffic modeling techniques and fuzzy logic to design call admission control algorithms for ATM. The authors show that by combining the users' declared bandwidth with traffic measurements and a Gaussian traffic representation, they can implement a tunable fuzzy logic controller. They then demonstrate that superior results can be obtained by increasing the system utilization for various variable-bit-rate traffic streams. In another paper, Marbach et al. uses neuro-dynamic programming, which is a technique akin to reinforcement learning, to design dynamic admission control and routing policies. They show that traditional dynamic programming methods are computationally infeasible for such large-scale problems. Through experimental results, they prove that compared with OSPF, their approach significantly improves the performance over a wide range of network loads. In the third paper, Tong and Brown propose an adaptive call admission controller using reinforcement learning. They formulate the control problem as that of deciding admission in order to maximize revenue while respecting quality of service constraints. They demonstrate the practicality of reinforcement learning as a tool for reducing state-space computations in solving the control problem. They consider both packet-level and call-level constraints and provide simulations to illustrate their approach. The fourth paper, by Davoli and Maryni, introduces a novel way to jointly address the call admission control and bandwidth allocation problems when accessing a multiservice network. The proposed solution performs a two-step control action. In the first step, resources are partitioned among a number of users, while in the second step, a probabilistic admission control strategy balances the access of two main traffic classes (i.e., real-time and non real-time) to the network. Moreover, the approximation of the optimal control strategies by means of back-propagation feedforward neural networks allows to easily deal with the case of unknown, slowly varying, input rates.
The papers in this issue cover some important topics in high speed networks. First, there are two papers addressing multimedia traffic prediction and characterization. In the first one, Cramer and Gelenbe propose to a use a random neural network with a feedforward architecture and its associated learning algorithm as a postprocessor for any video compression algorithm. The postprocessor provides interpolation for video sequences to compensate for frames that may get dropped or lost inside the network. They show that interpolation techniques at the receiver, including neural network based algorithms, provide output frame rates that are identical to (or possibly higher than) the original video sequence's frame rate and that the resulting video quality is essentially equivalent despite the loss of a significant proportion of the frames. Their results prove that random neural networks work better than other techniques when more frames are dropped. Whereas, cubic spline interpolation works better when the fraction of dropped frames is small. The second paper by Ali et al. addresses the problem of multimedia synchronization in a Web-based environment. They propose a set of parameters that can be used to characterize the workload generated by a multimedia server in a browsing environment. The workload characterization is then used in designing a neuro-fuzzy scheduler to solve the media synchronization problem. The problem is identified as a multicriteria scheduling one which is shown to be NP-hard. They showed that the neuro-fuzzy scheduler has the ability to dynamically adjust to varying workloads quite well. Comparisons to other heuristic approaches show effectiveness of their approach.
Finally, Kassotakis et al. in their paper "A Hybrid Genetic Approach for Channel Reuse in Multiple Access Telecommunication Networks" provide a combination of a genetic algorithm with a local improvement operator in order to improve the provision of service by efficiently reusing isochronous channels in multiple access topologies. Genetic algorithms are gaining wide acceptance as the optimization tools of choice in situations where the number of variables is large and a good fast solution is required. Their ability to explore a number of alternatives simultaneously and to work in parallel with other intelligent techniques makes them ideal for attacking NP-complete problems that may allow such a parallelism in the search of solutions. The proposed approach proves to have very good robustness, flexible in changing loads and topologies, and efficient compared with traditional graph coloring techniques.
Under QoS management, we have two papers. The first one, by Bianchi and Campbell, deals with the simultaneous support of heterogeneous adaptive applications over a limited shared resource. It first determines an algorithm to provide fair bandwidth sharing based on application's declared utility functions and then proposes a scheme to control the application's adaptation dynamics (i.e., time scale response to bandwidth variations). These two basic elements are integrated within an hybrid centralized/distributed middleware platform that allow service providers to program application-specific adaptation features by means of finite state machines running at the application originating points. The proposed solution allows intelligence to be on demand placed in the network without any modification or increased complexity of the centralized algorithm that controls the allocation of available resources.
In the second paper, De Meer et al. tackle the problem of QoS management in the Internet through the use of mobile software agents. This is a very promising technology that perfectly fits with the distributed nature of modern communication systems. The advantage deriving from the exploitation of network programmability is highlighted by the definition of a network architecture where mobile software agents can be used to perform dedicated processing on behalf of customers inside the network at particular links or in particular regions of node clusters. The specific application to QoS provisioning in an RSVP-based network is described, and the experimental results through the use of their mobile agent platform (MAP) are provided.
Finally, under allocation of resources in wireless networks we have two papers. First, Sherif et al., in their paper "Adaptive Allocation of Resources and Admission Control in ATM Wireless Networks," propose a two module genetic algorithm in order to adaptively reassign bandwidths and QoS to multimedia applications in ATM cellular networks. They formulate the problem of reassigning multiple QoS levels as an optimization one with the objective of allocating the highest possible quality to each application under the constraint of maximizing the bandwidth utilization. They show that by using their approach it is possible to avoid call blocking or dropping during handoffs by temporarily decreasing the QoS levels to lesser values. The decrease in quality is graceful and very light over a wide range of traffic load.
In the second paper, entitled "Fuzzy/Neural Congestion Control for Integrated Voice and Data DS-CDMA/FRMA Cellular Networks," Chang et al. present a new approach for regulating traffic input to third-generation cellular networks. Congestion control is based on a system made up of a neural network (PRNN) interference predictor, a fuzzy performance indicator, and a mixed fuzzy/neural access probability controller. Numerical results, obtained by means of simulation, show that the proposed method outperforms other conventional strategies as regards to performance indexes like voice packet dropping, corruption ratio, utilization, and packet delay.
Bringing this issue to you was no easy task. There were several high quality papers that we could not accommodate, because time limitations did not allow for a second review cycle to be completed on time. We hope that you will see those papers in other IEEE venues soon.
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